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ABSTRACT 
The Corda river is the main source of fresh water for recreation, leisure, supply and irrigation to the 
municipality of Barra do Corda - MA. The objective of the present study was to evaluate the 
physicochemical parameters of Corda river’s water using the methodology described by the American 
Public Health Association. The water samples were collected in the seasonal period spanning between 
February and September of the year of 2018. The parameters which were analyzed during the study 
were pH, conductivity, turbidity, total dissolved solids and salinity, besides concentrations of nitrite, 
nitrate, and total phosphorus. Three principal components were identified during the PC Analysis. 
Those components explain more than 74% of the total variance observed during the rainy and dry 
season. Axis 1and 2 included variables which were related to quality of water and could be affected by 
the change in seasons. The results indicated that pH (7.11), P (2.82 mg L -1), NO3- (3.23 mg L-1), turbidity 
(35.82 NTU) and conductivity (35.83 µS/cm) parameters were most affected by changing from rainy to 
dry season. 
Keywords: Physicochemical parameters; Contamination; Water; Principal component analysis 
RESUMO 
O rio Corda é a principal fonte de água doce para recreação, lazer, abastecimento e irrigação do 
município de Barra do Corda - MA. O objetivo do presente estudo foi avaliar os parâmetros físico-
químicos da água do rio Corda usando a metodologia descrita pela American Public Health Association. 
As amostras de água foram coletadas no período sazonal entre fevereiro e setembro do ano de 2018. 
Os parâmetros analisados durante o estudo foram pH, condutividade, turbidez, sólidos totais 
dissolvidos e salinidade, como também as concentrações de nitrito, nitrato e fósforo total. Três 
componentes principais foram identificados durante a análise do APC. Essas componentes explicaram 
mais que 74% da variação total observada durante a estação chuvosa e seca. Os eixos 1 e 2 incluiram 
as variáveis relacionadas à qualidade da água e que poderiam ser afetadas pela mudança de estação 
do ano. Os resultados indicaram que os parâmetros pH (7,11), P (2,82 mg L-1), NO3- (3,23 mg L-1), 
turbidez (35,82 NTU) e condutividade (35,83 µS/cm) foram os mais afetados pela mudança da estação 
chuvosa para a seca. 
Palavras-chave: Parâmetros físico-químicos; Contaminação; Água; Análise de componentes principais 
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 1 INTRODUCTION 
 
Deterioration in the quality of groundwater intensifies in the large urban 
centers, mainly due to the usage and occupation of the soil. In turn, this phenomenon 
generates diverse effluents that return to the water bodies. They reduce the water 
quality and affect seasonality at a lesser scale. Therefore, monitoring changes in the 
features of groundwater using chemical analysis is an important measure to evaluate 
its quality. It serves as an indicator of the possible sources of groundwater 
contamination which can significantly alter the chemical properties of water; thereby, 
compromising the overall balance of the natural system, causing economic losses and 
making the consumption of water unfeasible (CARVALHO et al., 2015). 
According to RIBEIRO et al. (2016) and ANDRADE et al. (2016) water is an 
essential element of life and its use is indispensable to a wide spectrum of human 
activity, including irrigation, public and industrial consumption, leisure and 
recreational activities. Above all, water presents itself as the main constituent of all 
living organisms. 
Demographic and industrial growth are the most common causes that affect 
rivers and lakes in the recent years. Water resources have been used inadequately 
during the aforementioned processes (RIBEIRO et al., 2016). 
The Corda River has been one of the main sources of income for the population 
since many years. It yields revenue through fishing, besides receiving numerous 
tourists for various purposes throughout the year and contributing to the landscape 
of the municipal aquatic ecosystem with its extension and beauty of its Waters (Brazil, 
2013; CODEVASF, 2014; BARRA DO CORDA, 2015). 
It is noticeable that man maintains direct contact with the river water and 
modifies its properties throughout the year. Thus, it is necessary to analyze the 
concentrations of some nutrients and substances present in the water which are 
essential to identify its uses and health impacts on the riverside community as well as 
the visitors (VASCONCELOS, VIVEROS and ARRAZ, 2012). 
The objective of this study was to evaluate the physicochemical characteristics 
(conductivity, turbidity, total dissolved solids and salinity, besides concentrations of 
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 nitrate, nitrite, and total phosphorus) the Corda River water and their correlations 
with seasonality. 
 
2 METHODOLOGY 
The study site comprised of the Corda River (Figure 1) which is located in the 
State of Maranhão. It has a watershed of 4700 km². The source of the Corda River is 
located in the Serra da Canela mountain range at a height of about 450 m above the 
sea level. It is currently located inside a large farm called Agroserra (agrobusiness 
farm - Formosa da Serra Negra), which is close to city of Fortaleza dos Nogueiras. Its 
main tributaries are the Pau Grosso and Ourives rivers, besides some streams like 
the Pintado, Estiva, Fundo, Baixão do Sabonete, and Baixão Lagoa de Dentro. 
 
Figure 1 - Corda River location and sampling points 
 
  
For the analysis of water, 6 spatially distributed points (P1, P2, P3, P4, P5, and 
P6) (Figure 1) were plotted along the Corda River. P1 was located in the Mete-Mete 
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 balneary, P2 was located in Tabocas balneary, P3 was located between the rivers 
Corda and Mearim, P4 was located downtown, P5 was situated near the sewage 
waste hospital and P6 was located in another balneary near to hospital. 
Samples used in the physicochemical analysis were collected during two 
different periods that is, rainy season (between the months of February 2018 and July 
2018) and dry season (in the month of September 2018), by following the 
methodologies specified by the American Public Health Association (APHA, 2012). The 
samples were collected in polyethylene bottles and aliquots of the same were divided 
for examining the chosen parameters, namely, pH, total dissolved solids (TDS), 
turbidity, salinity, electrical conductivity, as well as concentrations of nitrate, nitrite 
and phosphorus. All vials were stored in the refrigerator before analysis. To evaluate 
the effect produced by seasonality, the data derived from the analysis was separated 
as per sampling periods. Thus, one set of data was prepared for the rainy period (n = 
3) occurring in the months of February and July, while another set of data contained 
the readings taken during the dry season (n = 3) which occurs in the month of 
September. Table 1 shows the maximum values for the specified parameters as 
stipulated by the CONAMA Resolution 357/05. 
 
Table 1 - Maximum values allowed according to CONAMA Resolution 357/2005 
 pH Cond.  
(µS/cm) 
TDS 
(mg L-1) 
Turb.  
(NTU) 
Sal.  
(%) 
NO2- 
(mg L-1) 
NO3- 
 (mg L-1)  
P  
(mg L-1) 
Values 6.0-9.0 100 500 100 <0.5 1 10 0.1 
Cond. (conductivity), Turb. (turbidity), Sal. (salinity), TDS (Total Dissolved Solids), NO 2
- (nitrite), NO3
- (nitrate), P (phosphorus). 
 
Multivariate statistical methods are widely applied for classification, model and 
interpret a large data sets, and also, reduce the complex dataset with minimum loss 
of the original information. Principal Component Analysis (PCA) is a pattern 
recognition technique that groups the objects into classes (clusters) based on their 
similarities within a class and dissimilarities between different classes. The results of 
PCA help to interpret the data and indicate patterns (HAJIGHOLIZADEH and MELESSE, 
2017). 
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 For the statistical evaluation of the results the one-way ANOVA was applied, 
using Fisher LSD means comparison test using the Origin pro 8.0 software. 
Multivariate analysis techniques, specifically Principal Component Analysis (PCA) 
conducted using Minitab 17 software (HONGYU, 2015) were also used as an additional 
tool. 
 
3 Results 
To evaluate the effect of seasonality, the results were separated on the basis of 
their collection period i.e. into rainy and dry seasons. Figures 2, 3, 4 and 5 shows the 
One-Way ANOVA of the spatiotemporal dynamic to physicochemical parameters and 
Figure 6 shows microbiological analyzes performed in the rainy and dry season of the 
Corda river water. 
 
Figure 2 - One-Way ANOVA of the spatiotemporal dynamic of pH (A) and conductivity 
(B) parameters of the Corda River during the dry and rainy seasons 
 
 
According to Fernandes (2017), pH represents the concentration of hydrogen 
ions (H+). It can indicate if the water is acidic, basic, or neutral in nature. Figure 2 show 
that the pH was lower in the month of September (dry period) as compared to that 
obtained during the rainy months (February and July). As evident, the former is also 
inadequate as per the limits established by the CONAMA legislation, which allowed 
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 variation from 6 to 9 in the pH. The average pH was low (5.55) during the dry period as 
compared to the averages obtained for the months of February (6.86) and July (7.11). 
These observations are consistent with the studies carried out by Belluta et al. (2016). 
According to Lordelo et al. (2017), high values of conductivity indicate that the water 
tastes unpleasant and may cause digestive problems. As per the collected data, no 
significant variation between the conductivity values obtained during the dry and 
rainy periods could be observed. The TDS presented distinct values throughout the 
rainy and dry periods. Contrary to the month of July and February, the TDS was lower 
during the dry period. 
 
Figure 3 - One-Way ANOVA of the spatiotemporal dynamic of turbidity (A) and salinity 
(B) parameters of the Corda River during the dry and rainy seasons 
 
 
Turbidity analysis is used to assess the ability of water to disperse radiation. 
According to Da Conceição and Bonotto (2017), turbidity of water is caused by 
increased concentration of organic and inorganic matters. Upon comparison, it could 
be observed that the turbidity was higher in the rainy period (33.40 a 35.82 NTU). 
However, the mean turbidity values were lower in the dry period (3.33 NTU) as 
compared to the other months. This observation points at the direct relationship 
between the aforesaid parameter with the rainy season. Bezerra et al. (2017) who 
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 studied the variation in the turbidity of the Santa Maria da Vitória River also obtained 
similar results. 
According to Freitas (2016), waters with high salinity indices are unfeasible for 
human consumption. The salinity values obtained in the present study were invariably 
within the limits established by CONAMA (<0.5%) during the months under 
observation, i.e. 0.01 ppt. Unlike the studies conducted by Coimbra et al. (2016) which 
demonstrated the influence of seasonality and the dilution of salt water in the 
Maracaípe - PE River by presenting high values of salinity of the sampling points, the 
present study observed that salinity levels were not affected by rainy and dry periods.  
 
Figure 4 - One-Way ANOVA of the spatiotemporal dynamic of Total dissolved solids (A) 
and phosphorus (B) parameters of the Corda River during the dry and rainy seasons 
 
 
The TDS presented distinct values throughout the rainy and dry periods. 
Contrary to the rainy season (means of 17.98 mg L-1), the TDS was lower during the 
dry season, showing the value of 11.01 mg L-1. 
According to Da Silva and Vargas (2017), phosphorus occurs in natural waters 
and effluents in the form of phosphates. The concentration of phosphates is widely 
used as a parameter to classify natural waters. When it is found in excess (above 0.1 
mg L-1), it indicates that an anthropogenic action had occurred which could have 
primarily been caused by domestic effluents (Munin et al., 2017). Upon comparing the 
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 seasons’ results, it was observed that the data obtained in the dry period (≈1.97 mg L -
1) was different in comparison to the one derived during February and July (≈2.82 and 
2.76 mg L-1, respectively). This finding showed that rain could contribute to the 
increasing levels of contamination of the aforementioned and other attributes. This 
inference is consistent with the results deduced by Gois et al. (2017) who studied the 
quality of the Indios river water. 
 
Figure 5 - One-Way ANOVA of the spatiotemporal dynamic of nitrite (A) and nitrate (B) 
parameters of the Corda River during the dry and rainy seasons 
 
 
Nitrogen is present in water in different forms, such as nitrite, nitrate, and 
ammonia. As per the obtained data, there was no significant variation between the 
concentration of nitrogen in the samples extracted during the dry and rainy periods. 
Sassoma et al. (2015) had studied the physicochemical parameters of the Catumbela 
River. They also obtained similar results in their study. 
Nitrate is found in small quantities in surface waters and at high levels in 
groundwater. It is the main form of nitrogen found in waters. The values derived 
during the study showed that nitrate concentration was significantly affected in the 
month of September (dry period) as compared to the rainy months (February and 
July). Nonetheless, it remained in the limits established by the CONAMA legislation 
that is, nitrate levels remained below 10 mg L-1. The average nitrate concentration was 
Cavalcanti, K.G.S.; Silva, D.F.;  Lima, N. S.; Mendonça, R.C. ; Nunes Neto, W. R.; Silva, M.R.C.   9 
 
Ci. e Nat., Santa Maria, v. 42, e2, p. 1-15, 2020 
    
 higher (≈4.00) in the dry month as compared to the averages observed in the months 
of February and July (≈2.00). 
 
Figure 6 - Microbiological analyzes in water samples in the dry (september), rainy 
(February and July) in the municipality (Barra do Cordal / MA) 
 
 
According to Ferreira et al., 2017, to evaluate the sanitary conditions of natural 
waters, coliform group bacteria are used, as they indicate fecal pollution since they 
are always present in the human and animal intestinal tract, being eliminated in feces. 
Regarding Escherichia coli, CONAMA Resolution 357/05 allows the concentration of up 
to 1,000 E. coli in 100 mL of water, in which all points in the three months presented 
values above the recommended. In February, there was a very significant variation 
between P3 and P4 from 60x10² UFC/100 mL to 12x10² UFC/100 mL. In July, the 
highest amount was in P1 with 82.5x10² UFC/100 mL and the lowest amount in P4 
with 12x10² UFC/100 mL. In the dry period, the highest amount was in P4 with 70x10³ 
UFC/100 mL, and the lowest in P1e P6 with 10x10³ UFC/100 mL both. These results are 
similar to those of Kolm, Siqueira & Machado (2016) where there was also an increase 
in the number of bacteria in the dry period, because the dry period there is no 
moisture which ends up benefiting the growth of bacteria of this class.  
As a way to distinguish the effects produced by seasonality upon the sampled 
points, two Principal Components (PC1 and PC2) analysis were conducted for the 
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 physicochemical parameters (pH, TDS, turbidity, salinity, electrical conductivity, 
concentration of nitrate and nitrate and total phosphorus content) observed during 
the dry period as well as the rainy season (Figure 6). Two-dimensional score plots 
were created from the relationship between the Principal Components to visualize the 
two periods. In addition, loading plots were also designed for the analyzed 
physicochemical parameters. Through the analysis of the plots the dispersion 
between the sampling points could be visualized and it could highlight the distinction 
between the points, as well as the tendency of points P4 and P6 analyzed in February 
(rainy season) to the points analyzed in the September (dry season). 
 
Figure 6 - Loading and score plot of the physicochemical parameters and analyzed 
sampling points, for the rainy and dry seasons. P (Phosphorus), NO3- (Nitrate), Turb. 
(Turbidity), Cond. (Conductivity), Sal. (Salinity), TDS (Total Dissolved Solids), NO2- 
(Nitrite). P1, P2, P3, P4, P5 (Sampling points).  -F (February), -J (July), -S (September) 
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 Table 3 - Principal component analysis of the physicochemical parameters of the rainy 
and dry seasons 
Parameters PC1 PC2 PC3 
pH -0.041594 0.645426 -0.284256 
Conductivity 0.532992 0.064105 0.179729 
Turbidity 0.266062 0.202737 -0.656159 
Salinity 0.528383 -0.025940 0.108127 
TDS 0.465489 -0.245298 -0.061053 
NO2- 0.327820 -0.191040 -0.185458 
NO3- 0.129759 0.300913 0.626945 
P 0.152409 0.591882 0.116095 
Total variance (%) 37.20 22.60 15.00 
Cumulative variance (%) 37.20 59.8 74.80 
*Significant factors (>|0.5|). TDS (Total Dissolved Solids), NO2
- (nitrite), NO3
- (nitrate), and P (phosphorus).  
 
The main objective of PCA is to reduce the data volume. The reduction in the 
data volume is enabled through converting the data into a large number of variables 
with internal correlations so that most of the information existing in the data would 
be retained. The reduction of the data volume as well as the conversion into a new 
space is known as the principle component. The prioritization of the principle 
components is based on the coverage of most of the explained variance within the 
variables (Behbahani et al., 2017). From Table 3 it can be seen that three principal 
components (PC 1-3) were significant in the model description, explaining, statistically,  
74.80 % of the variance among data, i.e., cumulative variance is resulted by PC1 (37.20 
%) plus PC2 (22.60 %) (represented graphically), and PC3 (15.00 %), thus, representing 
74.80 % of variance. The values highlighted in bold were considered significant in the 
mathematical model, where, the conductivity and the salinity were the dominant 
variables in PC1; the pH and phosphorus content in PC2 and the turbidity and nitrate 
content in PC3, that is, confirming that these six variables are the most affected by 
seasonality. 
This type of analysis allows to distinguish the effects of seasonality on the 
physicochemical parameters analyzed in the present study. Principal Component 1 
which was generated from the analyzed parameters of the rainy season (Figure 6) 
could explained 74.80 % of the total variation of the studied data. It could also stand 
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 evidence for the correlation (>|0.50|) between conductivity and salinity parameters in 
PC1; pH, and phosphors content in PC2 and, turbidity and nitrate in PC3, thereby, 
indicating that the aforesaid parameters were sensitive to seasonality (Table 3). This 
observation could be verified through the loading plot where these parameters are 
farthest from the axis of PC1 (Figure 6). The highest correlation coefficients were 
found to be related to conductivity, salinity and nitrite concentration. Therefore, from 
the interpretation of the correlation coefficients, it could be inferred that the 
parameters which have negative correlation coefficients (pH, nitrite, and nitrate 
concentration) decrease with change of season. 
 
4 CONCLUSION 
In general, the calculated values of the analyzed parameters were in agreement 
with the current legislation (CONAMA 357/05); thereby, guaranteeing the standard of 
potability of the Corda River water. Principal Component Analysis demonstrated that 
some parameters such as pH, conductivity, salinity, and nitrite concentration were 
seasonally sensitive. The most sensitive parameters (pH, conductivity, salinity, and 
nitrite concentration) can be used as indicators based in the statistical analysis. This 
study highlights the need for actions that can improve the quality of the Corda river 
water as per the legal regulations of basic sanitation and socioeconomic development 
for the preservation of aquatic life. 
As for microbiological analysis all samples were positive for E. coli bacteria 
above the recommended limit, i.e., they were out of potability standard in this 
analysis. Thus, it can be observed that this work can contribute positively to the 
adoption of public policies by the municipality with the association of state measures, 
in order to minimize the problems encountered, as the lack of basic sanitation and 
the deficiencies in the socioeconomic development of the city. population undermine 
the water quality of the region, especially the Corda River, which is the object of study, 
given that there is a direct relationship between water, the environment and public 
health. 
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